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BATTERY CELL VOLTAGE AND IMPEDANCE MEASURING CIRCUIT 

TECHNICAL FIELD 

5 

Because storage batteries for stationary application are used a lot in emergency 
power facility or communication network power facility, it is very important to maintain 
these batteries effectively. The instrument and diagnostic systems to measure the cell 
voltage and internal impedance as a method of diagnosis their aging (status of 

10 healthiness) are being commercialized. In order to understand the aging status of the 
object such as storage battery, in which the internal impedance increases according to 
the aging degree, the method of inputting alternating constant current l s into the both 
terminals of the object such as storage battery, thereby measuring (Vis 1 ) (hereinafter 
referred to as impedance voltage) which is the voltage induced by impedance to 

15 measure the internal impedance and thus diagnosing the status of healthiness is 
common. 

As illustrated in FIG. 1, the size of the internal impedance of storage battery is very 
small, so the alternating 4-terminal network method is used so as to minimize the effect 
such as the resistance of the measuring lead wire or the contact resistance of the plug. 
20 The internal impedance (Vy) which is generated between the both end terminals by the 
above constant current l s is measured by Sense terminal by means of imputing the 
alternating constant current l s into the both end terminals of the object such as storage 
battery through Source terminal in the constant current source circuit. 

25 BACKGROUND ART 

The size of internal impedance in batteries, in the case of large capacity batteries, is 
very small at 1 mQ or less. Likewise, the voltage (V dc) generated by internal impedance 
in battery cells is a small signal of a number of mV. The voltage is very small (one- 

30 some thousandths) compared with the cell post voltage of 1 .0 - 15V, and it's mixed with 
much electromagnetic wave noise from the surrounding area. Therefore, there is a 
need to appropriately separate this signal from a battery cell voltage (V dc ), remove the 
noise from the signal by means of an optimized design of the noise removal circuit like 
the disclosed band-pass filter aimed at amplifying the signal appropriately, and input 

35 accurate, high resolution impedance voltage signals into the A/D converter unit in the 
main processor unit (MPU). 
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Also, there are protective fuse contact resistance, connected line resistance and 
parasitic impedance components in the four-terminal network circuit that connects the 
above signals to the input of the measuring circuit, and there is likewise a parasitic 
impedance value within the measuring circuit as well. Thus, in case of measuring the 
5 voltage generated by internal impedance in batteries, because the internal impedance 
value is a very low signal, there is a need to work out the methods which are designed 
to eliminate effects of parasitic impedance such as voltage drop value due to the 
contact resistance in the 4-terminal network and measuring circuit, and the resistance 
in the cabling line. 

10 The method presented here uses one high common mode voltage differential 
amplifier not only to enlarge the measuring range of the battery cell voltage and to 
enhance the resolution for precise measurement but also to couple the impedance 
voltage contained in the direct current components of the battery cell voltage with the 
coupling condenser, and then filters the noise through the band-pass filter, and makes 

15 the signal precise and high in resolution, and converts the signal into a digital signal by 
means of A/D converter, and computes it to obtain the value of impedance. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a concept configuration for measuring a storage battery cell voltage and 
20 internal impedance 

FIG. 2 is a conventional circuit for measuring a storage battery cell voltage and 
internal impedance 

FIG. 3 is a block diagram of the storage battery cell voltage and internal impedance 

voltage of this invention 
25 FIG. 4 is the circuit configuration of an example of embodiment of this invention 

FIG. 5 is the circuit configuration of another example of embodiment of this invention 
FIG. 6 is the divider/buffer and adder circuit of an example of embodiment of this 

invention 

FIG. 7 is the detailed circuit of the operational amplifier group of this invention 
30 FIG. 8 is the band-pass filter circuit of this invention 

FIG. 9 is the attenuation property curve of the band-pass filter of this invention 

TECHNICAL PROBLEM 

35 This invention is related to a circuit which provides a method to measure the direct 
current (DC) voltage (V dc ) and the impedance voltage (Vis') of the storage battery cell 
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by transforming the signal voltage (V| S ) which contains the small alternating current 
(AC) impedance voltage generated by the internal resistance of the storage battery cell, 
which is inputted through 4-terminal network circuit, to a proper level and making the 
Microprocessor unit (CPU) compute it. Also, this invention especially maximizes the 
5 impedance between the storage battery cell and the measuring circuit by means of 
High Input Common Mode Voltage differential amplifier to give the effect of isolating the 
both circuits. This invention comprises a band-pass filter, A/D converter and CPU circuit 
in a way to accurately measure the impedance voltage (Vis') by the internal impedance 
of a storage battery cell and the direct current (DC) voltage (V dc ) of a storage battery 
10 cell as well. 

However, as illustrated in FIG. 2, conventionally, voltage divider circuit Resistance R1 
and R2 in the differential amplifier(IA) input terminal were used to measure the cell 
voltage of 1.CM5V, wherein the storage battery cell post voltage (V ls ) was divided by 
about half, reduced to 0.5 - 7.5V level, and inputted to the above differential amplifier 

15 (1A). Sequentially, the output signal of the above differential amplifier (1A) passes 
through the Buffer circuit, is converted into a digital value in the A/D converter, and 
inputted into the CPU to compute the direct current (DC) voltage (V dc ) of the cell. Also 
as the impedance voltage (V )s ') generated by the internal resistance of a storage 
battery cell is a very small signal, the circuit in the following way is used to measure it. 

20 The voltage signal (V )s ) of the storage battery cell is not divided to be measured. The 
direct current components in the above voltage signal (V )s ) are directly coupled through 
the direct current coupling circuit comprised of Resistance Rs and Rd and Capacitor Cs 
to obtain only impedance voltage signal (V| S ') and this signal is inputted into another 
separate differential amplifier (1B) to have its noise removed by means of a band-pass 

25 filter circuit and a buffer circuit, and then this signal is inputted into the AID converter 
inside the micro controller (MCU). 

But in case the direct current voltage of a storage battery cell and the impedance 
voltage (Vi s ') by the internal resistance of the storage battery cell are divided by Divider 
Resistance R1 and R2 and connected to the differential amplifier (1A) as done in the 

30 conventional method, the direct current voltage (V dc ) of the battery cell voltage (V js ) has 
much noise induced by Voltage Divider Resistance R1 and R2. Because of this, when 
measured in the micro-controller (MCU), the precision in the measurement is dropped. 
And in case the length of the measuring cable (4-terminal network) is long, a closed 
circuit is comprised between the storage battery cell and Divider Resistor R1 and R2, 

35 and the above Divider Resistor R1 and R2 are loaded along the measuring cable and 
then electric current flows. When measuring the cell voltage, the voltage drop occurs 
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due to the resistance in cable line and measuring errors generate, therefore it is not 
possible to get accurate values in the measurement. 

In addition, a direct current coupling circuit, comprised of Capacitor Cs and 
Resistance Rs and Rd are used in the input terminal of the differential amplifier (1B) to 
5 obtain the impedance voltage signal (V (s ') of alternating current, wherein the electric 
current of the storage battery cell flows through the Condenser Cs connected serially 
with the storage battery cell and Discharge Resistance Rd passing through the 
measuring cable, resulting in the more drops of voltage by the resistance in the cabling 
line, making it impossible to get accurate measurement values by the conventional or 
10 existing method. 

TECHNICAL SOLUTION 

This invention solves these problems. To solve these problems, this invention does 
not use the voltage divider circuit and the direct current coupling circuit, as used in a 

15 conventional method, in the input terminal of the differential amplifier (1) to apply the 
voltage signal (V| S ) of the storage battery cell which includes impedance voltage (Vy) to 
the input terminal circuit of the micro-controller (MCU), but connects the cell voltage 
(V| S ) of 0 - 16V which includes impedance voltage (V| S ') directly to the input terminal of 
the above differential amplifier (1), and properly divides the direct current voltage (V dc ) 

20 of the battery cell and the impedance voltage signal and provides an optimized band- 
pass filter to remove the noise. In addition, this invention uses a proper A/D converter 
circuit and its peripheral circuits to produce desired resolution. This simple and concise 
method ensures more accuracy in measurement. 

25 ADVANTAGEOUS EFFECT 

This invention transforms the signals to the maximum level allowed in the micro- 
controller unit (MCU) even when the cell post voltage is within 1 ~ 21V by applying the 
constant voltage of a suitable negative(-) level to the offset terminal of the High Input 
Common Mode Voltage differential amplifier, thereby raising the degree of resolution to 

30 over 12 Bits and makes it possible to measure small impedance voltage signals (V] S ') 
accurately by putting a direct current coupling circuit behind the output terminal of the 
differential amplifier (1), so that the input impedance of the measuring circuit from the 
4-terminal network output stage can be maximized to reduce the measuring errors by 
the established impedance. 

35 Also this invention makes it possible not only to accurately measure the storage 
battery cell voltage (V dc ) and impedance voltage (V| S ') by using one high input common 
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mode voltage differential amplifier without being affected from the measuring circuit but 
also to couple the impedance voltage added to the direct current components of the 
battery cell voltage by means of a condenser and thus to produce precise and high 
resolution signals by AID converter fitting to the purpose. This can effectively exclude 
5 the effect of the noise signal in the computation by means of properly designed band- 
pass filter (BNP) and thus it is possible to get the true value of the impedance voltage 
(V| S ). As another example of embodiment, this invention presents a proper method to 
use the AID converter built in the micro-controller unit (MCU) in order to realize the 
function. 

10 

THE BEST MODE FOR THE EXECUTION OF THIS INVENTION 

Through the below FIG. 3, FIG. 4 and FIG. 5, the process of operation is illustrated in 
detail. FIG. 3 and FIG. 4 show that the direct current voltage (Va c ) of the storage battery 
cell and the impedance voltage signal (Vy) by the internal resistance of the storage 

15 battery cell is not voltage-divided and directly connected to the input terminal of the 
above differential amplifier (1). And they illustrate in detail the circuit for the input of a 
certain negative (-) constant voltage in the offset terminal of the above differential 
amplifier (1 ) so as to obtain the output signal accurately related to the input signal. 
As an example of the execution of this invention, the negative (-) constant voltage (- 

20 8V in the example of embodiment of this invention) generated by the disclosed 
reference constant voltage circuit (2) is inputted (connected to) into the Offset terminal 
of an high input common mode voltage differential amplifier, wherein a negative (-) 
constant voltage, -8V, is generated by two reference constant voltage Diodes whose 
price is relatively inexpensive and whose drift value is small. The reference constant 

25 voltage circuit (2) comprises Constant voltage Diode ZD2 and ZD3 and Current limiting 
Resistor R3 in a series connection. The back terminal of the above Resistor R3 and the 
cathode (-) of the above Constant voltage Diode ZD2 are connected to -12V and the 
grounded point of a control power source respectively. The negative constant voltage 
generated here is connected to the offset terminal of Differential Amplifier (1) through a 

30 buffer circuit. Also on the both terminals of the above Constant voltage Diode ZD2, 
Diode D1, Variable Resistor R4 and Diode D2 are connected in series to be voltage- 
divided, and the central terminal of Variable Resistor R4 is connected to the ADJ 
terminal of Constant voltage Diode ZD2 in a way that adjusts the output voltage of 
constant voltage Diode ZD2 by the above variable resistor R4 so as to minutely adjust 

35 the output of the reference constant voltage circuit. 

The output voltage of the constant voltage Diode( reference diode) used in the above 
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circuit does not change less than that of Zener Diode even if the surrounding 
temperature and power source voltage (-12V) are varied, so its characteristic is very 
good. It is possible to compensate the offset output which can be generated due to the 
characteristic difference between circuit components inside the measuring circuits, by 
5 adopting the circuits comprised as above and adjusting the reference value of the 
offset voltage approximately within -7.8V ~ -8.3V with Variable Resistor R4. 

In general, the output of an operational amplifier, regardless of the size of the input 
signal, is saturated to the values according to the size of the power source voltage (± 
Vc). As for another example for the execution of this invention, if the power source 

10 voltage (± Vc) of the differential amplifier (1) is ±12V, generally, the saturation output 
value of the above differential amplifier (1) is approximately ±10V. If an offset voltage 
around 0V is applied to the offset terminal of the above differential amplifier (1) simply 
to compensate the offset of the output voltage, as in the common use, as the 
amplification gain of the differential amplifier is 1 , the output value correspond to the 

15 input signal of 10V ~ 16V or higher among the input signal levels of the above 
differential amplifier (1) is saturated, and thus only the input signal within the range of 0 
~ 10V can be outputted. Therefore, it is impossible to measure the cell voltage of 
higher than 10V among the voltage 0 - 16V of the storage battery cell. 
The above differential amplifier (1) is a differential Operational amplifier ( for instance, 

20 CMOS type or FET type) whose impedance is very high (input bias electric current is 
nA and less) in comparison with ordinary differential Operational amplifier. Even if 
hundreds of KQ resistance is connected to the non-inverting input and inverting input of 
the above differential amplifier, it can work accurately. As it is designed so that the 
amplification gain for the differential input voltage signal can be 1 , the output of the 

25 above differential amplifier (1) is the sum of the differential voltage signal (V + - V-) 
which is the storage battery cell post voltage and the reference voltage (Vref) which is 
inputted into the offset terminal, and is shown as (V + - V-) +Vref. Therefore, when the 
0V ~16V voltage signal of a battery cell post voltage(V| S ) is inputted, as the offset 
reference voltage (Vref) is set at -8V, the output of the above differential amplifier(l) 

30 can get values of -8V ~ +8V within the range of the saturation voltage of less than 
±10V. Also, if the negative (-) reference voltage (Vref) which is inputted into the offset 
terminal be -11V, it is possible to input even the higher voltage within 1- 21V into the 
above differential amplifier (1) by the above computing formula and also to get the 
output signal within -1 0V ~ +1 0V. 

35 In the output voltage signal which is level-shifted to the size within -8V - +8V 

through the above differential amplifier(l), the impedance voltage (V| S ') with a number 
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of mV peak value on the direct current voltage (V DC ) components and the noise coming 
from outside are mixed. The ripple noise in the above output voltage signal (V, s ) is 
removed through the direct current filter circuit (3) comprised of Resistance R1 and 
Capacitor Ct. And then the pure direct current voltage(V DC ) signal comes out and is 
5 buffered (buffering - prevents the loading effect by the input - output impedance) in 
Buffer Circuit (4), and thus the buffered signal is connected to the input terminal of 12 
Bits A/D converter (5) to raise the resolution degree for measurement. That is, because 
the allowable output range of the direct current voltage signal of the Buffer Circuit (4) is 
within -10V ~ + 10V, it is possible to increase the resolution degree only by adopting a 

10 micro-controller unit (MCU) with a A/D converter which is able to convert the signal up 
to the above range of voltage or equivalent one. 

In case of the capacity of a storage battery cell is less than several hundreds Ah, 
because the value of internal impedance becomes as high within tens mQ, a A/D 
converter (5) of 10 Bit or less can be used to reduce the manufacturing cost, but the 

15 resolution decreases a little, and it is possible to use a A/D converter whose input 
range is of 0 ~ 5V built-in micro controller unit (MCU). A MCU sold in the market, in 
general, has the multiplexer installed in the front of it, and it has a circuit to convert 
several analog input signals to Digital signals by means of high-speed multiplex 
switching. Hence, the micro-controller unit (MCU) operates as if it has several A/D 

20 converters inside conceptually. 

Further more, if the circuits consist of the A/D converter (5 or 9) circuitry built in the 
micro controller unit (MCU) as above, the output of the above buffer(4) has to be within 
0V ~ 5V, even when the storage battery cell post voltage (V )s ) is inputted as the signal 
of 1V ~ 16V, it is possible to get the output of -6V ~ +9V in the above differential 

25 amplifier(l) by setting the offset reference voltage (Vref) of the above differential 
amplifier(l) to 7V for instance. FIG. 6 shows the divider/buffer circuit and adder, as an 
example of the execution of this invention. After the output voltage of -6V - +9V 
obtained from the above differential amplifier (1) is divided one-third in the divider/buffer 
circuit, the signal of-2V ~ +3V is obtained, and again by adding the voltage signal (V f2 ) 

30 in the disclosed adder circuit, the level of the above signal of-2V ~ +3V is shifted to 0V 
~ +5V. As the output signal of the above adder circuit is 0V ~ +5V range, it is possible 
to adopt the A/D converter (the input range is of 0V ~ +5V) built-in the micro controller 
unit (MCU). 

On the other hand, as above, the cell voltage signal (V| S ) which is converted to the 
35 level of -8V ~ +8V or of -6V - +9V does not include any direct current components as 
removed during passing through the Direct Current Coupling Circuit (6) comprised of 
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Capacitor C2 and R2 and an impedance voltage which is a pure alternating signal is 
come out. And then it passes through the Band-Pass Filter (BNP) (7). The above band- 
pass filter attenuates and rejects the noise signals whose frequency bandwith is 
different from the impedance voltage signal (V| S '). It is possible to enhance or raise the 
5 filtering effect as it is designed to surely remove the noise signal generated by the 
charging ripple current and the noise generated by the effect of induction by using a 
common narrow-band pass filter. The impedance voltage signal (V )s '). which has 
passed through the band-pass filter (7) passes through a Operational amplifier group 
(8), thereafter. The above Operational amplifier group (8) is comprised of, for instance, 

10 Operational amplifiers (15, 17, 19) from one stage to three stages, to amplify the 
impedance signal (V| S ') of wide range to the desired level. In other words, the signal is 
amplified by several tens of times to several thousands of times to the level signal 
within ±10V, and is converted to a digital signal of high resolution of 12 Bits by 12 Bit 
AID converter(9,9a), and is measured and computed accurately in the micro-processor 

15 unit, CPU(10). When there is a need to measure the phase of the above impedance 
voltage signal (V )s ') by means of the disclosed zero(0) cross circuit, it has to completely 
filter the above impedance voltage signal (Vis 1 ). For this purpose, a second BNP (11) 
can be installed on the back of the Operational amplifier group(8). 

FIG. 8 shows an example of execution of the band-pass Filter (7) designed in a way 

20 that allows only the signal with the frequency range similar to the impedance voltage 
signal (V| S '). The Band-Pass Filter (7), described as above, is comprised the disclosed 
identical structure narrow-band pass filters which are connected in a phase of two- 
stage dependently, and each of the above narrow-band pass filters is comprised of two 
condensers and three resistors and one Operational amplifier, as known. When 

25 connecting the narrow-band pass filters dependently in two stages like this, it is able to 
have a characteristics of the band pass filter which is much narrower than the wide 
band pass filters in which a low-band pass filter (LPF) and a high band pass filter (HPF) 
are connected dependently. 

In order to simplify the above band pass filter (7) circuit, it is possible to set two of 

30 Condensers C1, C2, C3 and C4 to be equal or all to be the equal value, and then to 
choose Resistance value of R1 - R6 properly. So as to make the print circuit board 
(PCB) compact, chip-type condensers can be used in general. As an example of the 
embodiment, to simplify the configuration of the circuit, the value of Condenser C1, C2, 
C3, and C4 was all set at 10nF identically, then it is possible to set easily the bandwidth 

35 of the above Band-Pass Filter (7) relatively as the value that designer wants by 
choosing the value of Resistance R1 ~ R6 properly to set the low-band blocking 
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frequency (f L ) and the high-band blocking frequency (f H ). 

FIG. 9 shows, as described above, the results of the simulation of the filtering 
characteristics of the band pass filter (7) by frequency bands which are obtained from 
the two-stages dependent connection of the identical configuration narrow-band pass 
5 filters by means of PSPICE. As seen in FIG. 9, for example, in case the resonance 
frequency (fr) is selected to be 720Hz, the attenuation value of the frequency 660Hz ~ 
780Hz which is within ±5% of the resonance frequency (fr) can designed to become 
near-zero (has the maximum gain). In the above band pass filter (7), if the frequency of 
the impedance Voltage signal (Vy) is 720 Hz, the attenuation value of that signal is 

10 near-zero (has the maximum gain), and because the attenuation value of the frequency 
within ±5% of the resonance frequency (fr) is almost near-zero(has the maximum gain), 
the attenuation value of the impedance voltage signal (V js ') having passed the above 
band pass filter (7) is consistently maintained near-zero, even though the resonance 
frequency (fr) varies about within ±5% by changes of the ambient temperature. 

15 Also because the resonance frequency (fr) is the same as 720 Hz and has much 
narrower bandwidth than that of the conventional wide-band pass filter (BPF) in which 
the low-band blocking frequency (f L ) and the high-band blocking frequency (f H ) are 400 
Hz and 1000 Hz respectively, it is possible to improve the attenuation characteristic of 
noise frequencies and surely to remove the noise signal by charging current ripple and 

20 the noise generated due to induction. On the contrary, as the narrow-band pass filter 
circuit which is designed to have one Operational amplifier has very narrow bandwidth, 
it is possible to get the maximum gain only in the designated resonance frequency (fr). 
Therefore, it has a disadvantage that the attenuation characteristic of the desired 
signals in measuring the impedance voltage signal (V !s ') varies and resultantly comes 

25 to decrease depending on the ambient temperatures and because the values of a 
resistor and a condenser which are the circuitry elements of the filter circuit vary when 
the ambient temperatures change. 

As stated above and shown by FIG. 3 and FIG. 4, the gist of this invention is 
presented as the direct current voltage (V dc ) signal is inputted into the A/D converter (5) 

30 and the impedance voltage signal (V| S ') is inputted into another A/D converter (9) based 
on the conceptional theory. However, because in reality the devices sold in the market 
in general have a number of channel multiplexers (MUX) with an analog switching 
function on the front of the A/D converter. The direct current voltage (V dc ) signal and the 
impedance voltage signal (V| S ') are connected to the A/D converter circuit by means of 

35 the above multiplexer (MUX) and converted from analog to digital at the point of time 
for computation, and then the computing is done in the CPU (10). 
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Also as described above, it is possible to convert the impedance voltage signal (V )s ') 
from analog to digital by using the A/D converter whose input range is 0V - +5V which 
is built in the element of the above micro controller unit (MCU) in a way similar to 
converting the direct current voltage (V dc ) signal from analog to digital by using the A/D 
5 converter built in the micro controller unit (MCU). As described above, the input range 
of the A/D converter built in the element of the micro controller unit (MCU), in most 
cases, is 0 V - +5 V. The impedance voltage signal (V| S ') with a number of mV is filtered 
through the above band pass filter (7), and then is amplified tens of times in the first 
amplifier (15) or passing through the second amplifier (17) to be amplified hundreds of 

10 times to thousands of times, and then it becomes a signal of -2.5V ~ +2.5V. FIG. 7 
shows the block diagram which is an example of embodiment of the amplifier group (8) 
circuit which is behind the circuit of the band pass filter (7) as described above. The 
first Adder (16) or the second Adder (18) has the identical structure to the Adder in FIG. 
6 which is described above, and is connected to the back terminals of the first amplifier 

15 (15) and the second amplifier (17) respectively. The impedance voltage signal (V| S ') is 
shifted to a signal of 0V ~ +5V through the first or the second Adder above and inputted 
into the A/D converter(9,9a). As described above, the Operational amplifier group (8) 
circuit has a two-stages amplifier group, but in case that the measuring range is large, 
it is possible to use an amplifier group comprised of a number of stage amplifiers (15, 

20 17,19). 

The constant current signal (Is) which is necessary for impedance computation is 
amplified up to a proper level through the amplifier (12) and is connected to another 
input terminal of the above multiplexer (MUX) circuit. The temperature signal made in 
the disclosed thermistor sensor is amplified up to a proper level through the disclosed 
25 Wheaston bridge circuit (13) and another amplifier (14), and sequentially connected to 
another input terminal of the above multiplexer (MUX) and then computed and 
measured in the CPU (10). 

MODE FOR INVENTION 

30 FIG. 5 shows an example of execution of this invention by using the device sold in 

the market. The commercialized A/D converter circuitry include A/D converters which 
can convert the level signals of ±10V to digital signals, and the said A/D converters 
have built-in high speed multiplexer (MUX) circuit. The said multiplexer (MUX) circuit 
plays the role of receiving the select signals from the CPU (10) and connecting the 

35 analog signals of a number of channels to the A/D converter (ADC) at a high speed 
sequentially at the point of time when computation is needed. The said analog input 
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signals are converted to digital signals at a high speed by the said A/D converter (ADC), 
and applied to the input terminal of the CPU (10) and computed. As in the prototype 
circuit of this invention, the AD7891 A/D converter (ADC), a model of the Analog Device 
is used and it is possible to convert the analog signal of ±10V to a digital signal of 12 
Bits at a high speed conversion time of 1.6 micro seconds so as to raise the resolution 
degree at the time of computation. As a result, it raises the degree of accuracy in 
measurement. 



